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^ (57) Abstract: Aniodularpagewidthprintheadforadigitalink jet printer having a metal chassis (1) where mo^^ 

in an overlapping configuration to preserve continuity between the {Hinting from adjacent replaceable modules (2). The printhead 
2 has an ink reservdr (4), a flexible PCB (10) and busbar (1 1). The printhead chips (3) such as MEMJET on each module (2) receive 
print data from TAB films (6). The TAB films (6) extend from the same side of each of the MEMJET chips (3) to allow for a relatively 
^ compact printhead design. The chips (3) are cozifigured so that predominately all of the chips (3) in the array have, at most, one end 
^ obscured by the end of an adjacent chip (3). The configuration includes overlapping and inclining the printheads with respect to the 
^ suppcnt beam. This reduces the amount that the TAB films (6) need to narrow or "ned^** in order to avoid the obsciuing adjacent end. 
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OVERLAPPING PRINTHEAD MODl]US ARRAY CONilGDItAlION 

field of the Invention. 

The invention relates broadly to digital inlget printers and in particular to digital 
5 ink jet printers configured to print the entire width of a page simultaneously. 
Co-Pending Applications. 

Various metliods, systems and apparatus relating to the present invention 
are disclosed in the following co*pending £^plications filed by the applicant or assignee 
of the present invention on 24 May 2000: 

10 PCT/AUOO/00578 PCr/AUOO/00579 PCT/AUOO/00581 PCT/AUOO/00580 

PCT/AUOO/00582 PCT/AUOO/00587 PCT/AUbO/00588 PCT/AUOO/00589 

PCT/AUOO/00583 PCT/AUOO/00593 PCT/AUOO/00590 PCT/AUOO/00591 

PCT/AUOO/00592 PCT/AU00/00584 PCT/AUOO/00585 PCT/AUbO/00586 

PCT/AU00/00594 PCT/AUOO/o6595 PCTyAUOO/00596 PCT/AUOO/00597 

15 PCT/AU00/00598 PCT/AU00/00516 PCT/AU00/00517 PCT/AUOO/00511 

The disclosures of these co-pending applications are incorporated herein by cross- 
reference. Also incorporated by CTOss-reference, is the disclosure of a co-filed PCI 
application, PCT/AUO 1/00217 (deriving priority ftom Australian Provisional Patent 
20 Application No. PQ5957). 

Background of the Invention. 

Traditionally, Inkjet printers have used a printing head that traverses back and forth 
across the width of a page as it prints. Recently, it has been possible to form printheads 
25 that extend the entire width of the page so that the printhead can remain stationary as the 
page is moved past it. As pagpwidth printheads do not move back and forth across the 
page, much higher printing speeds are possible. 

Pagewidth printheads are typically micro electro mechanical systems (MEMS) 
devices diat are manufactured in a manner similar to silicon compute chips. ]h this 
30 process, the ink nozzles and ejector mechanisms are formed in a series of etching and 
deposition procedures on silicon wafers. 



RECTIFIED SHEET (RULE 91) 
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As an industty standard, the siliccm wafers are produced in 6 or 8 inch diameter 
disks. Consequently only a anall strip across the diameter of each wafer can be used to 
produce printing chips of sufficient width for pagewidth printing. As a large part of 
these wafers are essentially wasted, the production costs of pa^widtii printhead chips 
5 are idUitively high. 

The costs are further increased because the chip defect rate is also relatively high. 
Faults will inevitably occur during silicon chip manufacture and some level of attrition is 
always present. A single fault will render an entire pagewidtii chip defective, as is tiie 
case with any silicon chip production. However, because die pagewidth chip is larger 
10 &an regular chips, there is.a high» probabili^ that any particular pagewidth chip will be 
defective tiieasby raising the defect rate as a whole m compaiiscni to regular silicon chip 
production. 

To address tins, the pagewidth printhead may be formed fixan a series of separate 
printhead modules. Using a number of adjacent printhead modules permits ftOl 
15 pagewidth printing while allowing a much higher utilization of the silicon wafer. This 
lowers the printhead chip defect rate because a fault will cause a relatively smaller 

printiiead chip to be rejected rather than a fiiU pagewidth chip. This in turn translates to 
lower production costs. 

Each printhead chip carries an array of nozzles which have mechanical structures 
witii sub-micron thickness. The nozzle assemblies uise tiiermal bend actuators that can 
r^dly eject ink droplets sized in the Pico litre (x 10"^^ litre) range. 

The microscopic scale of tiiese structures causes problems when butting a sedes 
of printhead. modules (end to end in order to form a pagewidth printhead. Micaoscopic 
irregularities, on the end surfaces of each chip prevent them from perfectiy abutting the 
. , end surface on an adjacent chip. This causes the spacing between tiie end nozzles of two 
. adjacent printhead chips to be diffwent from adjacoott nozzles on a single printhead chip. 
The gaps between adjacent printhead chips can lower the resultant print quality. 

To eliminate the gaps, some miodular pagewidth printheads use two adjacent lines 
of regularly spaced printiiead modules. The lines are out of register with each otiier and 
the ends of a printiiead module in one line overly witii the aids of two adjacent 
modules in the other line. This removes tiie g^ finom the resultant printing but also 
provides redundant nozzles in the areas of overlap. The print data to the overlapping 
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nozzles is allocated between the adjacent chips so that these areas are not piinted twice 
which would otherwise have adverse affects on the print quality. 

A digital controller is connected to each of the piinthead module chips via a TAB 
(tape automated bond) fihn. The TAB film is substantially the samie width as the chip 
5 and this causes difficulties when mounting the chips to a stq>port structure within the 
printer. Jt is preferable that the TAB films for each chip extend fix>m die same side as 
this permits a more compact and elegant printhead design. However, this arrangement 
requires the TAB films from each of the chips in one of the lines to narrow or *neck' in 
order to fit pa$t the restriction caused by the overlapping ends of the adjacent chips in the 
10 other line. . Producing and installing TAB fihns that narrow down enough is complex and 
difBcult. To avoid this, the TAB fihns can extend fipom one side of the chips in one line 
and fix>m the of^osite side of the chips in the other line. However, as discussed above 
this gives the overall printhead greater bulk that can complicate the -pzapa path through 
the printer as well as hantiper capping the printheads when the printer is not in use. 
IS Summary of the Invention. 

Accordingly, the present invention provides a modular printhead for a inkjet 
> printer, the modular printhead including: 
a support frame; 

a plurality of printhead modules mounted to the support frame, each module 
20 having an elongate array of ink nozzles extending substantially lineariy across the width 
of the module such that there is overlap between the elongate arrays of adjacent modules 
with respect to the direction of paper movemrat; wherein, 

the modules are arranged such that a first side of each of the nozzle arrays faces 
toward a first side of the support frame; such that, 
25 the respective first sides of predominantly all of the nozzle arrays have at most 

one end portion obscured firom the first side of the support frame by the nozzle array of 
an adjacent module. 

Preferably, die respective first sides of each of the nozzle arrays have at most one 
end portion obscured from the first side of the support frame by the nozzle array of an 
30 adjacent module. 

By incliiung the printhead chips with respect to the support beam and configuring 
them to overlap with respect the to paper direction, the TAB films for each chip can 
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extend ftom the same . side. This allows the printhead design to lemain relatively 
conq>act while avoiding the need to significantly narrow or 'neck* most if not all the 
TAB Sims. 

Preferably, the modules are mounted, to the st^ppoit frame along a substantially 
5 strai^t mounting line such that each of the elongate arrays extends in a direction 
inclined to the mounting line of the modules. In a further preferred form, the mounting 
line is normal to the paper direction. 

Preferably, the printhead is digitally controlled such float print data sent to tiie 
overlapping portions of adjacent modules is shared between the ink nozzles of the 
10 ■ adjacent modules to avoid double printing of Sesame data. 

in a pardculariy preferred form, the digital controller starts to place print data 
with the nozzles in an adjacent module at the one edge of the overi^pmg portion, and 
ramps up the data directed to the nozzles of the adjacent module stochasticaHy until all 
the print data is directed to the adjacent module at tiie opposing edge of the overlapping 
15 portion. 

• Preferably, the printhead is a pagewidth printhead 
In a further preferred form, the printhead modules are adapted to be individually 
removed and replaced. To achieve this tiie printhead modules may be conveniently 
ad^ted for snap-loddng ragagement with Ac support frame. 

20 It win be ^prccialBd that the adjacent positioning of a number of small modular 

pcintheads permits full pagewidfli printing while aUowmg a much higher utilization of 
tiie silicon wafer. Furthermore, the defect rate is effectively lower because a single fault 
will mean fliat a relatively smaller printiiead chip will be rejected rather tiian a large fidl 
pagewidth printhead chip. Accordingly, the production costs per chip are significantiy 

25 xeduc&d. 

By providing each modular printhead with snap-lock formations, it is conveniCTt to 
individually remove and replace defective modules. 
Brief Description of the Drawings. 

A preferred embodiment of the present invention will now be described by way of 
30 example only with reference to the accompanying drawings in which: 

Hgure 1 schematically shows a series of printiiead modules abxitting end to end to 
form a pa^^width printhead; 
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Figure 2 shows an enlarged view of the junction between two adjacent printhead 
modules shown in Figure 1; 

Hguie 3 schematically shows the printhead modules configured m an overlapping 
relationship with TAB films extending firom both sides of the printhead chips; 
5 Figure 4 schemadcally shows the printhead modules configured in an overlapping 

• relationship with TAB films extending firom only one side of the printhead chips such 
that every second TAB film is narrowed; . 

Figure 5a schematically shows the printhead modules configured in an overlapping 
relationship in accordance with the present invention; 
10 Figure 5b schematically shows an alternative configuration of the printhead 

. modules in an overlapping relationship in accordance widi the present invention; 

Figure 5c schematically shows another alternative configuration of the printhead 
' modules in an overl^pingrelafionsMp in acconlance with the present m^ 

Figure 5d schematically shows one mote configuration of the printhead modules in 
15 an overlapping relationship in accordance with the present invention; 

Figure 6 schematically shows a single printhead chip in relation to the paper path; 
Figure 7 schematicaliy shows die overlap region between two adjacent modxiles; 
Figure 8 is a perspective view showing the underside of a modular printhead 
according to the present invention; 
20 Figure 9 shows arear view of the modular printhead at Figure 8; 

Figure 10 is a plan view of the modular printhead shown in Hgure 8; 
Figure 11 is a front view of the modular printhead shown in Hgure 8; 
Figure 12 is an underneath view of tibe modular printhead shown in Figure 8; 
Figure 13 is a left end view of the modular printhead shown in Figure 8; 
25 Figure 14 is a perspective view of the underside of a modular printhead with 

several of the printhead modules removed; 

Figure 15 shows an exploded perspective view of a prindiead module; 
Figure 16 shows an underside view of a printhead module; 
Hgure 17 shows an end view of a prindiead module; and 
30 Figure 18 shows a cross-sectional view of the modular printhead shown in Figure 

8. 

Detailed Description of <he Preferred Embodiment. 
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Referring to Figures 1 to 4, prior art arrangemrats for modular pagewidth 
printheads are shown. In Figure 1, the printhead chips (3) of each module (not shown) 
are simply abutted end to end across the printhead support beam (not shown). As shown 
in the enlarged view of Hgure 2, the ink nozzles are laterally spaced at a distance x along 
5 the chip. However, the microscopic irregularities in the ends of the chips (3) are enough 
to alter the normal spacing between flie nozzles such that the end nozzles on adjacent 
chips are laterally spaced by a greater distance y. Ihis adversely affects the print quality 
and can result in a blank line or void in the resultant printing. 

Figure 3 shows the printhead chips (3) arranged in an overlapping configuration to 
10 avoid any gaps between the printing from adjacent modules. The digital controller*(not 
shown) shares the print data amongst the ovedapping nozzles of tb& adjacent printhead 
chips so that print data is not printed twice. The TAB films (6) from each chip (3) 
extend fix>m opposing sides of each adjacent chip, in order to avoid having to narrow the 
TAB film (6) to every second chip (3) as shown in Figure 4. However, with fee TAB 
15 films (6) extending fit)m both sides of the chip array, the printhead becomes much wider 
which complicates the printer design, and in particular the paper path. 

Referring to Figures 5a to 5d, various suitable configurations of the chip array are 
shown. To be suitable, the array must allow the TAB film to extend from the same side 
of each chip with litde or no narrowing required while maintaining the chips in an 
20 overlappuig relationship with respect to the pjqjer direction. This is achieved by 
eiisuringthattheTABfilmsideofeachchipisonlyobscuredatoneend,if ataU. For • 
illustrative pmposes, the obscured areas of the chips are shaded. 

The arrangement shown in Figure 5a offers the best configuration in terms of 
compact printiiead design as well as overall printer design. The printhead chips (3) are 
25 inclined relative to the support beam or at least the line along which the modules (2) are 
mounted. This allows the printhead chips (3) to overlap with respect to the paper path 
while the TAB films (6) extend from the same side of each chip without being 
significantly narrowed. The support beam extends normal to the paper direction so that 
the printing occurs over a minimal lengtii of the p^per path so that the overall 
30 dimensions of the printer are reduced. 

The present invention will now be described with particular reference to the 
Applicant's MEMJET™ technology, various aspects of which are described in detail in 
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the cross referenced documents. It will be appreciated that MEMJKT™ is only one 
embodiment of the invention and used here for the purposes of illustration only. It is not 
to be construed as restdctive or limiting in any way on the extent of the broad inventive 
concept 

5 A MEMIET™ priathead is composed of a nxmabCT of identical printhead 

modules (2) described in greater detail below. Throughout the description and the cross 
references the array of ink ejecting nozzles on each module has bera variously refers 
to as a *printhead chip', 'chip* or *segment\ However, firom a fair reading of the whole 
' specification in the context of &e cross references, the sldUed artisan wiU r^ 
10 appredate that these integers are essentiaUy the sisone. 

A MEMIET™ printhead is a drop-^n-demand 1600 dpi Inkjet printer that 
: produces bi-level dots in up to 6 colors to produce a printed page of aparticular width. 
Since the printhead prints dots at 1600 dpi, each dot is approximately 22.5|jm in 
diameter, and the dots are spaced 15.87S|jm apart Because the printing is bi-level, the . 
< 15 input image is typically dithered or error-diffused for best results. 

TypicaUy a MEMJET™ printhead for a particular application is page- 
. . width. This cables the printhead to be stationary and allows the paper to move past the 
printhead. Figure 8 illustrates a typical configuration. 2Imm printhead modules are 
placed toother after manufacture to produce a printhead of the desired length (for 
20 example 15 modules can be combined to form a 12-inch printhead), with overlap as 
. desired to aUow for smooth transitions between modules. The modules are joined 
together by being placed on an angle such that the prmihead chips (3) overlap each other, 
. as shown in Figure 5. The exact angle will depend on the width of the MEMJET™ 
module and the amount of ov^lap desired, but the vertical height is in the order of Inun, 
, 25 which equates to 64 dot lines at 1600 dpi. 

Each chip has two rows of nozzles for each color, an odd row and an even 
row. If both rows of cyan nozzles were to fire simultaneously, the ink fired would end 
up on different physical lines of the paper the odd dots would end up on one line, and 
the even dots would end up on another. likewise, the dots printed by the magenta 
30 nozzles would eiad up on a completely diff(^nt set of two dot lines. The physical 
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distances between nozzles is therefore of critical inq>ortance in terms of ensuring that the 
combination of colored inks fired by the different nozzles ends up in the correct dot 
position on the page as the paper passes under the prinlfaead. 

The distance between two rows of the same color is 32|iim, or 2 dot rows. 
5 This means that odd and even dots of the same color are printed two dot rows aparL The 
distance betwem rows of one color and the next color is 128)im, or 8 dot lines apart If 
nozzles for one color's dot line are fired at time T, thea nozzles for the conesponding 
dots in the next color must be fired at time T + 8 dot-lines. We can generalize the 
relationships between corresponding nozzles firom different rows by defining two 
10 variables: 

Di = distance between the same row of nozzles between two colors = 8 
D2 = distance between two rows of the same color in dot-lines = 2 

Both Di and D2 will always be integral numbers of dot rows. We can now 
say that if tiie dot row of nozzles is row L, Qien row 1 of color C is dot-line: 

15 L-(C-l)Di 

and row 2 of color C is dot-line: 

L-(C-l)Di-D2 

The relationship between color planes for a given odd/even dot position 
in Table 1. for an example 6-color prinfliead. Note that if one of the 6 colors is fixative it 
20 should be printed first 

Table !• Relationship between different rows of nozzles 



Color 


Sense 


dot line 


when 


0 

(fixative) 


even nozzle 


L 


L 




odd nozzle 


L-D2 


L-2 
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1 


even xi02:zle 


L-Di 


L-8 










2 


&ven nozzle 


L-2Di 


L-16 




DUiO. nozziw 






3 


even nozzle 


L-3Di 


L-24 




OQQ nozzic 






4 


even nozzle 


L-4Di 


L-32 




odd nozzle 


L-4D1-D2 


L-34 


5 

(infrared) 


even nozzle 


L-5Di 


L-40 




odd nozzle 


L-5D1-D2 


L-42 



Each of the colored inks used in a printhead has different characteristics 
in terms of viscosity, heat profile etc. Firing pulses are therefore gen^ted independently 
for each color. 

5 In addition, although coated paper may be used for printing, fixative is 

required for high speed printing applications on plain paper. When fixative is used it 
should be printed before any of tiie other inks are printed to that dot position. In most 
cases, tiie fixative plane represents an OR of the data for that dot position, although it 
does depend on tiie ink charactexistics. Printing fixative first also preconditions tiie piaper 

10 so that tiie subsequent drops will spread to the right size. 

Figure 6 shows more detail of a single printhead chip (3) in the module 
array, considering only a single row of nozzles for a single color plane. Each of the 
printhead chips (3) can be configured to produce dots for multiple sets of lines. The 
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leftmost d nozzles (d depends on fhe angle that the modules is placed at) produce dots 
for line n, the next d nozzles produce dots for line n-i, and so on. 

If a printhead chip (3) consists of 640 nozzles in a single row of odd or 
even nozzles (totalling 1280 nozzles of a single color) and the angje of pdnthead chips 
5 (3) placement produces a height difference of 64 lines (as shown in Hgure 5), then d^lO. 
This means that the module (2) pdnts 10 dots on each of 64 sets of lines. If the first 
dotUne was line L, then the last dotline would be dotline L-63 . 

As can be seen by the placement of adjacent modules (2) in Hguie 7, the 
corresponding row of nozzles in each modules produces dots for the same set of 64 lines, 
10 just horizontally shifted. The horizontal shift is an exact number of dots. Given S 

printhead chips (3), then a given print cycle produces dS dots on the same line. If 5 = 15, 
thendS=150. 

Although each 21mm piinthead chip (3) prints 1600 dpi bi-level dots over 
a different part of pa^ to produce the final image, there is some overlap between 

15 printhead chips (3), as shown in Figure 11. Given a particular overlap distance, each 
printhead chips (3) can be considered to have a lead-in area, a central area, and a lead-out 
area. Thelead-outof one chip (3) corresponds to the lead-in of the next The central 
aiea of a chip (3) is that area that has no overlap at all. Figure 11 illustrates the three 
areas of a chip (3) by showing two overlapping chips in temis of aligned print-lines. 

20 Note that the lead-out area of chip S corresponds to the lead-in area of chip S+1. 

When producing data for the printhead, care must be taken when placing 
dot data into nozzles corresponding to the overlap region. If both nozzles fire the same 
data, then twice as much ink will be placed onto the pages in overlap azeas. Instead, the 
dot data generator should start placmg data into chip S at the start of the chip overlap 
25 region while removing the data from flie corresponding nozzles in chip S+1, and ramp 
stochastically across the overlap area so that by the end of the overlap area, flie data is all 
allocated to nozzles in chip S+1. 

In addition, a number of considerations must be made when wiring up a 
printhead. As the width of the printiiead increases^ the number of modules (2) increases, 
30 and the number of comiections also increases. Each chip (3) has its own Dn connections 
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(C of them), as weU as SrOk and other connections for loading and printing. 

When the number of chips is small it is reasonable to load all the chips (3) 
simultaneously by using a common Srak Kne and placing C bits of data on each of the 
Dn inputs for the chips. In a 4-chip 4 color prints, the total number of hits to transfer to 
5 thepiintheadinasingle5rCZfcpulseisl6. However for a Netpage (see cross references) 
enabled (C=6) 12-inch printer. S=15, and it is unreasonable to have 90 data fines runnmg 
from tiie pdnt data generator to the prinlhead. 

histead, it is convenient to group a number of chip (3) together for loadmg 
purposes. Each group of chips (3) is small aiough to be loaded simultaneously, and 
share a SrClk. F<a exanq)le, a 12-inch printhcad can have 2 chip groups, each chip group 

contammg8chips(3). 48 2>n lines can be shared for both groups, with 2 5rCflk lines, 
one per chip group. 

As the number of chip groups increases, the time taken to load the 
printiiead increases. When there is only one group, 1280 load pulses are required (each 

15 PUlsetiansfersCdatahits).WhenfliMeareGgroiq)s.l280Gloadpulsesarerequired. 
The connection between the data generator and the printiiead is at most 80 MHz. 

If G is flie number of chip groups, and L is tiie largest number of chips in 
a group, die printiiead requires LCDn lines and G SrClk lines. Regardless of G, only a 
single LSyncL line is lequhed - it can be shared across all chips. 

^° ^ chips in each chip group are loaded witii a single SrCIk pulse, any 

printingprocess must produce tiie data mtiie correct sequence fertile printiiead. As an 
exanq>le, when C3=2 and L=4, tiie first SrCU^ pulse will transfer flie Dn bits for tiie next 
print cycle's dot 0. 1280, 2560 and 3840. The first SraU pulse will transfer tiie Dn bits 
for tiie next print cycle's dot 5120, 6400. 7680, and 8960. The second SrClW pulse will 

IS transfertiieDnbitsfortiienextprintcycle'sdotl,1281,2561.and3841. Thesecond 
SrClkl pulse will transfer tiie Dn bits for tiie next print cycle's dot 5121, 6401. 7681 and 
8961. 

After 1280G SrClk pulses (1280 to each of SrClW and SrClkl}, tiie entire 
line has been loaded into tiie printiiead, and tiie common LSyncL pulse can be given at 
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the appropriate time. 

As described above , the nozzles for a given chip (3) do not all print out 
on &e same line. Within each color there are d nozzles on a given line, witii tiie odd and 
evra nozzles of the group separated by D2 dot-lines. There are Di lines between 
5 corresponding nozzles of different colors (Di and D2 parameters are further described in 
Section and Section ). The line differences must be taken into account when loading 
data into the printhead. Considering only a single chip group. Table 2. shows the dots 
transferred to chip n of a printhead during the a number of pulses of the ^ared SrClk, 

Table 2. Order of dots transferred to chip S in a modular printhead 

10 ' 



pulse 


Dot 


colorO line 


colorl line 


colore line 


0 


1280S' 


N 




S-CDi 


1 


1280S+1 




N-D1-D2 


N-C33i-D2 


2 ' 


1280S-I-2 


N 


N-Di 




3' 


1280S+3 


N-D2 


tSr-Di-D2 


N-CD1-D2 


2d* " 


1280S+2d 


N-l 


N-Di-1 




2d+l 


1280S+2A¥ 


N-D2-I 


N-D1-D2-I 


N-CDi-Dz-l 



And so on for all 1280 SrClk pulses to the particular chip group. 

With regards to printing, we print IOC nozzles from each chip m tiie 
lowest speed printing mode, and 80C nozzles from each chip in tixe higjiest speed 
IS printing mode. 



S = chfp number 

Di = number of lines between the nozzles of one color and the next (likely = 7-10) 
Pa 8 number of lines between two lows of nozzles of the same color (likely s 2) 
d = number of nozzles prfnted on the same Ibie by a given chip 
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WhOe it is certaiiily possible to wire up cWps in any way, tWs docum^ 
only considers the situation where all chips fire simultaneously. This is because the low- 
speed printing mode aUows low-power printing for small printheads (e.g. 2-inch and4. 
inch), and the controller chip design assumes ther« is sufficient power available for the 
large print sizes (such as 8-18 inches), ft is a single matter to alter the c<«mections in 
the printhead to aUow grouping of firing should a particular application require it 

When all chips are fired at the same time IOCS nozzles are fired in the 
low-speed printing mode and 80CS nozzles are fired in the high-speed printing mode. 

A chip produces an analog line of feedback used to adjust the profile of 
the firing pulses. Since multiple chips are collected togethw into a printhead. it is 
effective to share the feedback lines as a tri-state bus. with only one of the chips placing 
the feedback information on the feedback lines at a time. 



15 



The printhead is constructed from a number of chips as described in the 
previous sections. It assumes that for data loading pmposes. the chips have been grouped 
mto G chip groups, wife L chips in &e largest chip group. It assumes there are C colors 
m the printhead. It assumes that the firing mechanism for the printhead is that aU chips 
fire simultaneously, and only one chip at a time places feedback infomiation on a 
common tri-state bus. Assuming aU these things. Table 3 listb the external comiections 
that are available from a printhead: 



20 



Table 3. PrinOiead connectioiis 



name 




description [ ~ ' ' ~ 


Dn " 


□L 


Inputs to C shift registers of chips 0 to 1^1 


SrClk 


G 


A pulse on SrCak[N] (ShiftRegisterClock N) 
loads the current values fi»m Dn lines mto 
the L chips in chip group N. 


LSyacL 


1 


A pulse on LSyncL performs the parallel 
transfer from the shift registers to the internal 
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Mozzle!^able bits and starts &e printing of a 
ine for all chips. 


bclk 


1 


Phase Locked Loop clock for generation of 
tuning signals in printhead 


Eleset 


1 


Control reset 


SCL 


1 


serial clock for control 


SDA 


1 


sedal data for control 


Sense 


1 


Analog sense ou^ut 


Gnd 


1 


Analog sense ground 


V- 

• 


Many, 
depending 
on the 
Qumberof 
colors 


Negative actuator supply 






Positive actuator supply 


Vss 




Negative logic supply 






Positive logic supply 



Referring to Hgures 8 to 18, the modular printhead has a metal chassis (1) which is 
fixedly mounted vdthin a digital Inkjet printer (not shown). Snap-locked to the metal 
chassis (1) are a plurality of replaceable printhead modules (2). The modules (2) are 
5 sealed units with four separate ink channels that feed a printhead chip (3). As best seen 
in figure 7, each printhead module (2) is plugged into a reservoir moulding (4) that 
supplies ink to the integrally moulded funnels (5). 

The ink reservoir (4) may itself be a modular component so the entire modular 
printhead is not necessarily limited to the width of a page but may extend to any 
10 arbitrarily chosen width. 

Referring to Figures 15 to 18, the printhead modules (2) each comprise a printhead 
chip (3) bonded to a TAB film (6) accommodated and supported by a ntiicro moulding 
(7). This is, in turn, adapted to mate wife a cover moulding (8). The printhead chip (3) 



25 
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is a MEMS (micro electro mechanical System) device. TypicaUy, MEMIET™ chips 
print cyan, magenta, yeUow and black (CMYK) ink. This provides color printing at an 
image resolution of 1600 dots per inch (JDFI) which is the accepted standard for 
photographic image quality. 

5 ^f*«^isadefectinthechq»itusuaUy^,pearsasalmeorvoidmthepm 

the printhead were to be formed ftom a single chip then the entire piinthead would need 
replacement By modularising the pnntheads &ere is less probability that any particular 
printhead module will be defective. It will be appreciated that the replacement of single 
printhead modules and the greater utihsation of siHcon wafers provide a significant 
10 saving in production and operating costs. 

The TAB fihn (6) has a slot to accommodate the MEMJET™ chip (3) and gold 
plated contact pads (9) that connect with the flex PCB (flexible printed circuit board) 

(10) and busbar (11) to get data and power respectively to the printhead. Tht busbars 

(11) are thm fingers of metal strip separated by an insulating strip. The busbar sub- 
15 assembly (11) is mounted on the underside of the side wall ink reservoir (4). 

The flex PCB (10) is mounted to the angled side waU of the reservoir (4). It wraps 
beneath the side waU of flie reservour (4) and up the external surface carrying data to the 
MEM3ET™modules(2)viaa62pin header(12). Side wall of the ink reservoir (4) is 
angled to correspond with the side of the cover moulding (8) so that when the printhead 
module (2) is snap-locked in place, the contacts (9) wipe against the corresponding 
contacts on the flex PCB to promote a reliable electrical cormection. The angle also 
assists the easy removal of the modules (2). The flex PCB (11 ) is "sprung" by the 
action of a ^oam backing (13) mounted between the wall and the underside of die contact 
area. 

Rib details on the underside of die micro moulding (7) provide support for die 
TAB film (6) when diey are bonded togedier. The TAB fihn (6) forms the underside 
wan of die prindiead module (2) as there is enough structural integrity between the pitch 
of die ribs to support a flexible fihn. The edges of die TAB fihn (6) are sealed on die 
underside of die walls of die cover moulding (8). The chip (3) is bonded onto 100 
micron wide ribs diat run die length of the micro moulding (7) providing die final ink 
feed into the MEM3ET™ print nozzles. 



20 
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The design of the micro moulding (7) allows for a physical ovnlap of the 
MEMJET™ chips (3) when the modules (2) are mounted adjacent one another. Because 
the piinthead modules (2) form a continuous strip with a generous tolerance^ they can be 
electronically adjusted to produce a continuous print pattern, rather than relymg on very 
5 close tolerance mouldmgs and exotic materials to perform the satne function. According 
to this embodiment, the printing chips (3) are 21 mm long but are angjied such that they 
provide a printing width of 20.33 rnm. 

The micro moulding (7) fits inside the cover moulding (8) where it bonds onto a 
set of vertically extending ribs. The cover moulding (8) is a two shot precision injection 
10 moulding that combines an mjected hard plastic body with soft elastomeric sealing 
collars at the inlet to each ink chamber defined within the module. 

Four snap-lock barbs (15) mate with the outer surface of the ink reservoir (4) 
which acts as an extension of metal chassis (1). The ink funnels (5) seahn^y engage 
with the elastomeric collars (14). 
IS The modular design conveniently allows the MEM3EI™ printhead modules (2) to 

be removably snap-locked onto the ink reservoir (4). Accurate alignment of the 
MEMJET™ chip (3) with respect to the metal chassis is not necessary as a complete 
modular printhead will undergo digital adjustment of each chip (3) during final quality 
assurance testing. 

20 The TAB film (6) for each module (2) interfaces with the flex PCB (11) and the 

busbars (11) as it is clipped onto the ink reservoir (4). To disengage a MEMJKI™ 
printhead module (2) the sn^lock barbs (15) may be configured for release upon the 
application of sufficient force by the user. Alternatively, the snap-lock hzabs (15) can be 
configured for a more positive engagement with the ink reservoir (4) such that a 

25 customised tool (not shown) is required for disengagement of the module. 

The invention has been described herein by way of example only and skilled 
workers in this field will readily recognise many variations and modifications which do 
not depart firom the spirit and scope of the broad inventive concept. 
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CLAIMS:- 

1. A modular printhead for a Inkjet pdnter, the modular printhead including: 
a support frame; 

a plurality of printhead modules mounted to the support frame, each module 
S having an elongate array of ink nozzles extending substantially linearly across the width 
of the module such that there is overlap betv^een the elongate arrays of adjacent modules 
with respect to die direction of p^qper movement; wherem, 

the modules are arranged such that a first side of each of the nozzle arrays faces 
toward a first side of the support frame; such that, 
10 the respective first sides of predominaatly all of the nozzle arrays have at most 

one end portion obscured from the first side of the support frame by the nozzle array of 
an adjacent module. 

2. A modular printhead according to claim 1 wherein the respective first sides o^ 

of the nozzle arrays have at most one end pordon obscured ficom the first side of the 
IS siqyport frame by the nozzle array of an adjacent module. 

3. A modular printiiead according to claim 2 wherein the modules are mounted to the 
. support frame along a substantially straight mounting line such that each of the elongate 

arrayis extends in a direction inclined to the mounting line of the modules. 

4. A modular printhead according to claim 3 wherein the mounting line is normal to 
20 the paper direction. 

5. ' A modular pjrinthead according to claim 4 wherein the printhead is digitally 
controlled such that print data sent to the overlapping portions of adjacent modules is 
shared between the ink nozzles of the adjacent modules to avoid double printing of the 
same data. 

25 6. A modular printhead according to claim 5 wherein the digital controller starts to 
place print data with the nozzles in an adjacent module at the one edge of the 
overlapping portion, and ramps up the data directed to the nozzles of the adjacent 
module stochastically until all the print data is directed to the adjacent module at the 
opposing edge of the overlapping portion. 

30 7. A modular printhead according to claim 1 wherein the printiiead is a pagewidth 
printhead. 
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8, A modular printhead according to claim 1 wherein the piinthead modules are 
adapted to be individually lemoved and replaced. 

9. A modular piinthead according to claim 1 wherein the printhead modules are 
adapted for snap-locking engagement with the support frame. 
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